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Summary 
Because of the widespread concern over increasing ni t ra te 
concentrations in river water, the Freshwater Biological Association has 
undertaken a study to investigate seasonality, n i t ra te concentrations and 
loads in the River Frome catchment in relat ion to land use and compare 
the resul ts for 1984/86 with data obtained in 1970/71. 
Information on land use changes and fert i l iser applications were 
obtained both from MAFF and individual farmers. 
Whereas the MAFF fert i l iser application values were average figures 
and showed an increase from 83 kg ha-1 in 1970 to 131 kg ha-1 in 
1983/84, individual farmers information on nitrogen applications to 
grassland (in 1984) varied from 85 kg ha-1 to 300 kg ha-1 . 
Nitrogen inputs from rainfall have not increased from 1970/71 to 
1984/86 and were approximately 3 kg ha annum. 
The amount of ni trate entering the River Frome and its tributaries 
from sewage effluent has increased by 27.8% (or 51%) depending upon the 
type of information used for ca lcula t ing these values . However the 
percentage of the ni trate load due to sewage effluent has not a l tered 
because of the increase in ni t ra te loading from 1970/71 to 1984/86. Nitrate 
concentrations in the river have increased at every s i te , the increase 
varying from 31% to 123% in mean values and at the River Hooke site the 
maximum value found in 1984/86 was 135% higher than the maximum value 
found in 1970/71. 
Increases in mean ni t rate loading (tonnes per week) varied from -8% 
to 114%. Also the minimum ni t rate weekly load had increased at every 
si te. At three sites there has been a reduction in the correlat ion 
coefficient of n i t ra te concentrations plot ted against discharge. These 
reductions could suggest possible changes in farming pract ices. Nitrate 
concentrations in the 1984/86 survey also tend to be much more variable 
than those found in 1970/71. 
Conclusions 
1. Input of nitrogen from rainfall to the River Frome catchment had not 
significantly changed between 1970/71 and 1984/86 (resul ts summarised 
in Table 5) . 
2. Because of changes in methodology and parish boundaries it is very 
difficult to obtain estimates of land use changes over a long time 
sca le . 
3. Because the values given by MAFF for nitrogen fert i l iser applications 
are only average figures they will only provide a very rough guide for 
ca lcula t ing changes in fert i l iser applications. 
4. If a more accurate value for increases in fert i l iser application are 
required, individual farmers will have to be contacted, e .g . 
applications to grassland in the River Frome catchment varied between 
85 to 300 kg ha-1 depending upon whether the grassland was to be 
used for grazing or s i lage. Also the application of nitrogen fert i l iser 
was found to vary with the stocking ra te of cows (CAS Report No. 9 
1986 found this variation could be as large as 55 kg ha-1 to 232 kg 
ha-1. 
5. In 1983 62.1% of agricultural land in Dorset was grassland and because 
grass yields can be increased by increasing nitrogen fert i l iser 
applications up to 600 kg ha-1 (for cutting) and 800 kg ha-1 for 
grazing, there is a distinct possibility that nitrogen fert i l iser 
applications in Dorset will increase. 
6. Whereas the Royal Society Study Group Report (1983) concluded only a 
small proportion of nitrogen fert i l iser applied to grassland is leached 
out, recent work by Ryden et a l . (1984) found that leaching of ni t ra te 
from an intensively managed grazed grassland to be five to six times 
higher than comparable swards cut for hay or s i lage. 
7. In 1972 the amount of ni trate entering the River Frome catchment from 
sewage effluent was ca lcu la ted to be 37.0 tonnes NC3N -1 (out of a 
tota l load of 596 tonnes a-1 at East Stoke) whereas in 1983 it was 
47.3 tonnes NO3N a-1 (ca lcula ted using dry weather flows from al l 
sewage works). However if more accurate monthly flows obtained at 
Dorchester sewage works (the largest sewage works in the catchment) 
plus dry weather flows from the other stations are used to c a l c u l a t e 
the impact of sewage effluent, this value is 55.9 tonnes NO3N a-1 
out of a tota l load of 834 tonnes NO3N a-1 at East Stoke (overal l 
resul ts summarised in Table 7) . 
8. The resul ts for 1970/71 and 1984/86 showed that there had been an 
increase in mean and maximum ni t rate concentrations at a l l s i tes, the 
highest values being found at the River Hooke where mean value showed a 
123% increase and the maximum value found showed a 135% increase. The 
highest value found was 9.56 mg 1-1 NO3N at Tadnoll Brook. A small 
ditch draining agricultural land into the headwaters of Tadnoll Brook 
had ni t ra te concentrations varying between 3 to 15.8 mg 1-1 NO3N 
(overall changes in ni trate concentrations are summarised in Table 14). 
9. Increases in mean weekly ni t ra te loading (tonnes/week) varied from -8% 
(River Cerne) to 114% (Sydling Water) where the mean load increased 
from 0.432 to 0.925 tonnes/week. Also at every site sampled the minimum 
weekly ni t ra te load had increased; the largest increase found was again 
at Sydling Water (106%). 
10. Because of large seasonal and annual variations of climatic conditions, 
discharges and therefore ni t ra te loads, Table 23 was prepared using the 
FBA long-term sampling data. This compares two four-year periods, 
1969/72 and 1982/85 when the average discharge of the River Frome (East 
Stoke) was very similar (6.32 m3 s-1 for the 1969/72 period and 
6.40 m3 s-1 for the 1982/85 period). The mean weekly load for these 
periods shows an increase of 47.4% from 11.68 tonnes/week in 1969/72 to 
17.22 tonnes/week in 1982/85. The maximum load in any one week in 
1969/72 was 38.55 tonnes/week but in 1982 and 1984 there were weekly 
loads of over 57 tonnes, an increase of nearly 50%. 
11. At three sites for the 1984/86 data there were large reductions in the 
correlat ion coefficient between ni trate concentrations and discharge 
compared with the 1970/71 resu l t s . These sites were the River Cerne 
(1970/71 r = 0.86 and 1984/86 r = 0.66), Tadnoll Brook (Broomhill 
Bridge) (1970/71 r = 0.64 and 1984/86 r = 0.35) and the River Frome 
(Dorchester gauging weir) (1970/71 r = 0.69 and 1984/86 r = 0.47). This 
reduction could suggest that there have been changes in farming 
practices result ing in re la t ive ly lower ni t ra te runoff during the high 
autumn and winter flow periods. Perhaps less fert i l iser is now applied 
during these periods of higher runoff of r a in fa l l . Information from the 
1985 Fert i l iser Review (Fert i l isers Manufacturing Association) shows 
that from a peak usage in April 1979 of just over 600,000 tonnes, more 
than 1.2 mill ion tonnes was applied in April 1984 and that 50% of the 
total nitrogen usage in 1983/84 took place in a single month. However 
in 1982/83 the peak nitrogen usage was spread over three months, March, 
April and May. Obviously the peak usage will change from year to year 
depending on crops and weather conditions but even so, in the year 
1982/83 60% of the nitrogen ferti l iser was applied in just three months 
of the year. However this peak usage could possibly cause problems for 
water authorities using river water as a supply. If there was very 
heavy rainfal l after the peak application there is a possibility of 
very high ni t ra te concentrations in runoff water . 
12. Seasonal variations will be dependent on rainfall pat tern and vary from 
year to year, for example in the October to December period 1970 for 
the River Frome at East Stoke the mean load was 13.21 tonnes per week 
and the maximum load was 20.08 tonnes per week. In the same three 
monthly period in 1971 the corresponding values were 4.75 tonnes per 
week and 6.84 tonnes per week (summarised in Table 21). These resul ts 
emphasize the necessity of having a long time series of observations 
extending over ten or more years before you can confidently detect any 
slow long-term changes in water parameters. 
13. At almost every site in the 1984/86 survey the highest quarter ly mean 
ni t ra te concentrations and the maximum ni t ra te concentrations occur in 
the January to March period (summarised in Table 22). 
14. In 1971 the annual ni trate load at Dorchester was 155 tonnes and at 
East Stoke 477 tonnes. Therefore the input between Dorchester and East 
Stoke was 322 tonnes NO3N. In 1985 the annual ni t ra te load at 
Dorchester was 343 tonnes and at East Stoke 864 tonnes with a 
difference of 521 tonnes NO3N. These figures demonstrate the 
extremely large increases found in the annual ni t ra te loads since the 
1970/71 survey. 
1. Objectives 
To investigate ni trate concentrations and loads and their 
seasonality in the River Frome catchment in relation to land use and 
compare the results for 1984/86 with data obtained from the major 
tr ibutaries and the main river in 1970/71. 
2. Introduction 
DoE Standing Technical Advisory Committee on Water Quality 
Report No. 37 states that there has been a general and substantial 
increase in surface water ni trate concentrations over the last 30 to 
40 years. Also the available evidence supports the conclusion of the 
Royal Commission on Environmental Pollution (1983) that changes in 
agricultural pract ice, including fertiliser use, are a major 
contribution to the rising trends in ni t rate concentrations in the 
source of public water supply. 
Long ni t rate data runs, especially for bet ter quality rivers, had 
proved difficult to locate and changes in analytical techniques, allied 
to the often sporadic nature of sampling regimes, limited the 
usefulness of some historic data . 
The River Frome (Dorset) has been studied extensively by the 
Freshwater Biological Association River Laboratory since 1965, 
thereby providing an excellent data base to investigate any trends and 
changes in ni trate seasonality, concentrations and loads. 
3. Catchment description 
3.1 Rainfall 
Precipitation occurs mainly as rain, snow being experienced for 
only a short period (1-3 days in the lower catchment and 1-2 weeks in 
the upper catchment) , but the catchment with regard to rainfall can 
be divided into two main areas, above and below Dorchester. The 
upper catchment had a 35 year average rainfall of 1016 mm, whereas 
the lower catchment had a 35 year average of 889 mm. 
3.2 Geology 
A generalised map of the catchment geology is shown as Fig. 1. 
More detailed information is available from a previous paper by 
Paolillo (1969). 
3.3 Sampling sites 
Details of the sites sampled in 1970/71 are given in Casey & 
Newton (1973) and Fig. 2 is a map of the sites sampled in 1984/86. 
Table 1 gives map references and details of geology of sampling sites 
in 1970/71 and 1984/86. 
Table 1. Details of sampling points in 1970/71 and 1984/86. 
Name and National 
Grid Reference 
R.Hooke SY593976 at 
Maiden Newton 
Wraxall Brook ST584004 
R.Frome SY596976 at 
Maiden Newton 
Sydling Water SY637947 
at Viaduct 
R.Cerne SY678935 
R.Frome SY708903 at 
Sampling Point 
Number 
1970/71 
1 
2 
. 3 
4 
Dorchester Gauging Weir 5 
R.Frome SY769909 at 
Woodsford 
R.Frome SY806893 
Tadnoll Brook SY770862 
at Owermoigne 
Tadnol1 Brook SY763874 
at Empool 
Tadnoll Brook SY811881 
at Broomhill Bridge 
R.Frome SY867868 at 
East Stoke 
R.Frome ST586004 at 
Sandhills 
R.Frome SY624949 
Southover 
R.Hooke ST537000 
Gauging Weir 
R.Win SY827868 
at Winfrith 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1984/86 
1 
" 2 
3 
4 
5 
6 
7 
8 
9 
10 
Geological data of 
catchment 
Upper Greensand (Cretaceous) 
Chalk (Cretaceous) 
Upper Greensand and Lower 
Cretaceous 
Chalk (Cretaceous) 
Chalk (Cretaceous) 
Chalk (Cretaceous) 
Chalk, sand and gravel 
(Cretaceous and Tertiary) 
Sand and Gravel (Tertiary) 
Lower Chalk and Greensand 
(Cretaceous) 
Sand and Gravel (Tertiary) 
Sand and Gravel (Tertiary) 
Upper Greensand and Lower 
Cretaceous 
Chalk 
Lower Chalk and Greensand 
Middle Jurassic Limestone 
and Tertiary 
Figure 1. Generalised map of the geology of the R. Frome catchment 
Figure 2. Details of sampling sites on R. Frome catchment 1984-86 
3.4 Chemistry and discharge 
The River Frome is the westernmost major chalk stream in 
England and the chemistry, biology and discharge have been described 
in previous papers (Casey 1969, 1975, 1976, 1977; Casey & Clarke 
1979, 1986; Casey, Clarke & Marker 1981; Casey & Downing 1976; 
Casey & Farr 1982; Casey & Ladle 1976; Casey & Newton 1972, 1973; 
Casey & Walker 1983; Casey & Westlake 1974; Pinder et al. 1982; 
Westlake et al . 1972). The most relevant papers to this report are 
Casey & Newton (1972, 1973) who prepared a chemical budget for the 
River Frome catchment by measuring chemical composition and 
discharge at 14 sites. 
Casey (1977) described nitrate concentrations in rainfall, 
boreholes, springs, streams and the main river in order to determine 
the sources of ni trate to the river system; also the range and 
variation of ni trate concentrations at times of increased flow and the 
utilisation of ni trate by higher plants. Casey & Clarke (1979) showed 
that at one sampling site (East Stoke) there had been a trend over 
the period 1965-1975 with nitrate concentrations increasing by 
0.11 mg l-1 NO3N per year. A predictive model for 1976 was made 
and even though discharge conditions were extreme, the mean 
predicted value was very close to the mean observed value. 
3.5 Sewage effluents entering the River Frome and its tributaries 
Details of dry weather flow sewage effluents for the main sewage 
works for the years 1972 and 1983 were obtained from the Wessex 
Water Authority. 
3.6 Land use in the catchment area 
The area of the R. Frome catchment is 41440 ha with an 
estimated population of 327,000 giving a population density of 8 
people/ha. Dorchester is the largest centre of population estimated at 
13,736 in 1970 and 14,293 in 1985. Land use in the catchment was 
obtained from the parish records supplied by MAFF. Since 1973 some 
parishes have been combined and some boundaries have been altered; 
therefore any comparison of changes in land use has to take parish 
areas into account. For the purpose of this study only the following 
s ta t is t ics were abstracted. 
MAFF 
Land Use Code Number and Name: 
1. Total area 
2. Total crops and fallow 
3. Grasslands 1978 or la ter 
6. Other grasslands exclusive of rough grazing 
11. Wheat 
12. & 13. Barley 
14. Oats 
15. Mixed corn 
16. Rye 
17. Maize 
92. Total c a t t l e and calves 
111. Total pigs 
119. Total sheep 
139. Total poultry 
201. Total vegetables grown in open 
226. Total orchards and small fruit 
Because of alterations in the way information was gathered in 
the years 1973, 1975 and 1982 by MAFF on numbers 1-17 no detailed 
information on land use changes could be calculated. Details of the 
total numbers of ca t t le and calves, pigs, sheep and poultry in 1975 
and 1982 are given in Table 2 below. 
Table 2 . Changes in livestock numbers in the Frome catchment between 
1975 and 1982. 
Using the information on nitrogen excretion given by MAFF (1976) 
the nitrogen equivalents for the years 1975 and 1982 are given in the 
Table 3 below. 
Table 3. Changes in nitrogen content of livestock excrement in the 
Frome catchment between 1975 and 1982. 
As can be seen from the above tables there have been increases 
in poultry, pigs and sheep and a reduction in cat t le and calves. 
3.7 Fertiliser applications to the R. Frome catchment 
The increased use of nitrogen fertilisers in England and Wales 
has been reported elsewhere (The Royal Society Group Report, 1983; 
CAS Report 9, 1985; DoE Pollution paper No. 26, 1986). 
Figure 3 shows the overall use of nitrogen fertilisers on 2-7 year 
leys for the period 1940 up to 1985. 
In 1960 average application of nitrogen fertilisers to grassland 
was 26.3 kg ha N. However, only 60% of temporary grass and 54% of 
permanent grass received any fertiliser at all. 
Total c a t t l e and calves 
Total pigs 
Total sheep 
Total poultry 
1975 
24,580 
9,240 
13,804 
89,631 
1982 
22,779 
11,634 
20,855 
160,358 
C a t t l e and calves 
Pigs 
Sheep 
Poultry 
Total 
Increase 
1975 
Tonnes 
1839.2 
60.7 
206.6 
80.5 
2187.0 
Kg ha 
44.4 
1.5 
5.0 
1,9 
51.8 
1982 
Tonnes 
1704.4 
63.7 
312.1 
144.0 
2224.2 
37.2 
Kg ha 
41.1 
1.5 
7.5 
3.5 
53.6 
1.8 
Figure 3. Average overall use of nitrogen on 2-7 year leys in England and Wales 
By 1971 average application was 66.5 kg ha-1 N and 84% of leys 
and 60% of permanent grassland were receiving fertiliser 
applications. 
In a writ ten communication with MAFF (Dorset) the following 
ra tes of fertiliser applications were given as general values. 
1955 12 kg ha - 1 N. 
1965 33.2 kg ha"1 N. 
1972 74.8 kg ha - 1 N. 
MAFF data from the "Surveys of Ferti l iser Pract ice for Wales and 
England" show the following values. 
1970 
Arable land 88 kg ha"1 N 
Leys 108 kg ha"1 N 
Permanent grass 53 kg ha" N 
Total 249 
Average 83 kg ha" N 
It can be seen that the overall average for 1970 is fairly close 
to the figure of 74.8 kg ha~ N given for Dorset. 
Ferti l iser application rates for 1982/83 and provisional figures 
for 1983/84 are given in Table 4 below. 
Table 4. MAFF data for all England and Wales of the total areas 
under the major crops and grass, and their nitrogen fertiliser ra tes . 
Wheat 
Winter bar ley 
Spring barley 
Other ce rea l s 
Potatoes 
Sugar beet 
Oilseed rape 
Other crops 
Grass 
All crops and grasses 
1982/83 
Area 
000 ha 
1691 
912 
1240 
122 
194 
200 
222 
557 
6956 
12094 
(actual) 
Nitrogen 
kg/ha 
180 
152 
101 
88 
188 
155 
272 
66 
105 
122 
1983/84 (provisional) 
Area Nitrogen 
000 ha kg/ha 
1965 188 
1027 155 
940 94 
121 94 
199 199 
200 148 
269 280 
485 60 
6930 114 
12136 131 
In 1983 Dorset had the following distribution of main crops 
(percentage of agricultural land). 
Cereals 25.2 
Feeding stock 1.6 
Others 0.6 
Grassland 62.1 
During our survey in 1984/85 individual farmers were contacted 
about their applications of fertilisers. As grassland dominated the 
land use they were particularly asked about applications to grassland. 
The rate of application varied considerably from 85 kg ha-1 N to 
300 kg ha-1 N depending upon whether the grass was to be used for 
grazing or silage. 
Also on dairy farms the rate of application depended upon the 
stocking rate of cows per hectare. CAS Report No. 9 (1985) found 
that on low stocked farms (0.94 cows per foraged ha) fertiliser use 
was 55 kg ha-1 N, whereas on high density stocked farms (2.7 cows 
per foraged ha) fertiliser use was 232 kg ha-1N. 
Therefore the use of the MAFF average figure for calculating 
increased fertiliser usage will only provide a very rough guide 
depending on land use. 
In the R. Frome catchment what was rough pasture land in the 
1970 survey is now intensively fanned grassland with over 300 kg 
h a - 1 N being currently applied. Also in 1971 approximately 7% of 
grassland was strip grazed, this aspect of grassland management has 
changed completely. 
Fig. 4. Yield of dry grass matter plotted against kg ha-1 N (CAS 
Report No. 9 1985). 
From the above figure 4 it can be seen that grass yields can be 
increased by increasing fertiliser application up to 600 kg ha-1 N 
for cutting and 800 kg ha-1 N for grazing. Therefore there is a 
possibility that grassland fertiliser treatment could increase 
substantially, if it is still economically profitable. 
Fertiliser application values obtained from Devon varied between 
200 and 400 kg ha-1 N for grassland. 
The Royal Society Study Group Report (1983) concluded that most 
of the nitrate leached from farmland comes from arable land and 
represents approximately one third of the fertiliser applied annually 
to that land. The report also states that of the 900,000 tonnes of 
fertiliser N applied to grassland very l i t t le is leached out and no 
major problem is likely to arise even when the application rates reach 
250 kg ha-1 a-1. However, Ryden et al. (1984) found that the loss 
of ni t ra te by leaching from an intensively managed grazed grassland 
may be five to six times higher than losses from comparable swards 
cut for hay or silage. The average annual loss from the grazed sward 
was 162 kg ha-1 a-1 when the sward fertiliser application ra te was 
420 kg ha-1 a-1. Therefore this ra te of loss far exceeds that of 52 
to 93 kg ha-1 a-1 NO3 reported by the Royal Society report for 
ni t ra te leached from arable land. 
Haigh & White (1986) found losses by leaching of 17.5 and 48.7 
kg ha-1 in 1982/83 and 1983/84 respectively, which was equivalent to 
9 and 43% of the fertiliser added to a small, underdrained, grassland, 
clay catchment. 
4. Methods 
Many of the historical runs of data stat ist ical ly analysed by the 
DoE (1984) were not completely accurate because of changes in 
methods of chemical analysis. In this study the 1984/6 samples were 
analysed using the same method of analysis as that used in 1970/71 
(Casey & Newton 1973). 
4.1 River discharge and ni t ra te data collected 
1970-71 
Between 28th October 1970 and 8th December 1971 14 sites (Table 
1) in the Frome catchment were sampled at weekly intervals. At each 
s i te , on each sampling occasion, a sample of river water was taken 
for laboratory determination of ni t ra te concentration. In addition, for 
all s i tes except Dorchester and East Stoke, the discharge at the time 
of sampling was recorded by measuring the stream depth profile, 
cross-sectional area and measuring the distribution of current 
velocities with an Ott current meter. For these 12 sites the n i t ra te 
load for a particular week 
(tonnes/week) was then estimated as:-
= discharge (cumecs) x ni trate concentration (mg/1) x 0.6048 
1984-86 
Between 11th April 1984 and 30th September 1986 10 sites (Fig. 2 
and Table 1) in the Frome catchment were sampled at weekly 
intervals. At each site on each sampling occasion, a water sample was 
taken to determine ni t rate concentration. At two sites (Sydling Water 
and River Cerne) discharge was also measured using the previously 
described method. At Tadnoll Brook water level was recorded 
continuously. The ni t rate load at these three sites was then estimated 
as for the 12 sites in 1970-71. 
4.2 River Frome gauging stations at Dorchester and East Stoke 
Wessex Water Authority (WWA) have discharge gauging stations 
on the River Frome at East Stoke and Dorchester. 
At East Stoke the River Frome is divided into two separate 
channels, the main channel monitored as station number 44001 (East 
Stoke Flume), and the secondary Mill Stream channel monitored as 
station number 44201 (East Stoke Weir). Daily mean discharge is 
available for East Stoke Flume from 1962 and for East Stoke Weir from 
1966, which include both our 1970-71 and 1984-86 ni t ra te sampling 
periods. Throughout this study, the flows for the two channels were 
summed to give the total Frome daily mean discharge passing East 
Stoke. This combined site is referred to as site (10) East Stoke Flume 
in all the analyses. 
Throughout the two study periods ni trate concentration was 
sampled weekly at just the main East Stoke Flume channel as part of 
the general n i t ra te sampling program. Nit ra te concentrations are the 
same in both branches of the river. 
The Frome nitrate load, passing East Stoke, was calculated by 
first using linear interpolation between successive weekly nitrate 
concentration values to give estimated ni trate concentration levels for 
each of the intervening days. The resulting daily estimates of ni t ra te 
concentration were multiplied by the above WWA daily mean 
discharges to give estimates of the ni trate load for each day. These 
were then summed to give estimates of the total ni t rate load passing 
East Stoke each week. (Note: the load for each sampling date in the 
tables and figures refers to the load over the seven days up to and 
including the sampling day.) 
Around Dorchester the River Frome is also divided into two 
separate channels, the main channel monitored by WWA as station 
number 44004 (Dorchester Louds Mill), and the secondary channel 
monitored as station number 44204 (Frome at Stinsford). Daily mean 
discharge is available for Dorchester Louds Mill from mid 1969, and 
hence for both our 1970-71 and 1984-86 ni t rate sampling periods. 
Daily mean discharges are only available for Stinsford from 1st 
October 1971, towards the end of the first study period. The missing 
Stinsford flows for the sampling period 28.10.70-30.9.71 were 
estimated simply as the average (0.27 cumecs) of the Stinsford flows 
available for October to December 1971. Because the flow at Stinsford 
was usually less than 25% that in the main Dorchester Louds Mill 
channel, the precision should be adequate. Throughout this study, the 
flows for the two channels were then summed to give the total Frome 
daily mean discharge passing Dorchester. This combined site is 
referred to as 'site (5) Dorchester Louds Mill in all the analyses. 
Throughout the two sampling periods weekly nitrate concentration 
samples were taken at just the main Dorchester Louds Mill s i te . 
Weekly total ni trate loads passing Dorchester were then calculated 
using derived linear daily interpolated nitrate concentrations as 
explained above for East Stoke. 
4.3 Nitrogen in the catchment 
Rainfall 
The amount of nitrogen entering the lower catchment due to 
rainfall was calculated by multiplying the rainfall for each year by 
the catchment area by the average ni t ra te concentration of 0.31 mg/l 
found in the rain. From the available data the upper catchment on 
average received 1.14 times as much rain as the lower catchment. 
Therefore the annual inputs of nitrogen from rainfall in the upper 
catchment were estimated by multiplying the lower catchment value by 
this factor. 
5. Results 
5.1 Nitrogen inputs from rainfall 
Details of the rainfall in the lower catchment area for the years 
1970-74 and 1980-85 are given in Table 5 below. 
Table 5. 
1970 
1971 
1972 
1973 
1974 
Average 
1970-74 
1980 
1981 
1982 
1983 
1984 
1985 
Average 
1980-85 
Rainfall 
(Lower catchment) 
911.4 
704.4 
984.5 
629.3 
1125.3 
870.8 
540.3 
1006.4 
1009.2 
793.0 
884.2 
838.3 
845.2 
Lower 
Catchment 
Kg ha-1 N 
2.72 
2.11 
2.94 
1.88 
3.36 
2.60 
1.61 
3.00 
3.02 
2.36 
2.64 
2.50 
2.52 
Upper 
Catchment 
Kg ha-1 N 
3.13 
2.43 
3.38 
2.16 
3.86 
2.99 
1.85 
3.45 
3.47 
2.71 
3.04 
2.88 
2.90 
The input of nitrogen in kg ha-1 for each year due to rainfall 
is given, value one using the rainfall in the lower part of the 
catchment below Dorchester and the other the rainfall above 
Dorchester. The correct concentration is probably somewhere between 
these values but is impossible to calculate . However the difference is 
not very large and the input of nitrogen from rainfall has not changed 
between the two periods. 
5.2 Sewage effluents 
The amount of nitrogen entering the River Frome from sewage 
effluents was calculated by multiplying the approximate dry weather 
3 -1 flows in m d for each station by a typical analysis of total 
oxidised nitrogen for that station as provided by the Wessex Water 
Authority (Table 6 ) . 
Also a more detailed estimate was made for Dorchester sewage 
works (the largest in the R. Frome catchment) by using monthly flows 
and TON values (Table 6a) . 
In 1972 the amount of ni t ra te entering the River Frome from 
sewage effluent was calculated to be 37.0 tonnes N a-1 (Casey 
1975). In 1983 using the dry weather flows from Wessex Water 
Authority it had increased to 47.3 tonnes N a-1 (A). If we use the 
more accurate monthly flow values from Dorchester sewage works the 
result is 55.9 tonnes N a-1 (B). Thus the increase in ni trates due to 
sewage effluent can be calculated as 27.8% or 51.0% depending upon 
which value is used. 
Table 7 summarises the n i t ra te input from sewage effluents. 
Table 6. Sewage works effluents discharged to River Frome and tributaries 1972 and 1983. 
Works 
Wool 
Warmwell 
Broadmayne 
Dorchester 
Bradford Pevere l l 
Cerne Abbas 
Maiden Newton 
Sydling St Nicholas 
Tol le r Porcorum 
Evershot 
Total 
Grid Ref 
of 
Outfall 
SY825874 
SY765874 
SY734867 
SY712903 
SY666927 
SY668998 
SY602972 
SY633984 
SY567979 
SY579044 
Approx 
weather 
1972 
m3/d 
1135 
N.A. 
N.A. 
4010 
534 
N.A. 
227 
N.A. 
N.A. 
N.A. 
5906 
dry 
flow 
1983 
m3/d 
1730 
280 
300 
6500 
650 
145 
200 
65 
30 
35 
9935 
Total n i t ra te and soluble 
orthophosphate concentrations 
in 1983 
NH3 NO2 
TON 
mg/1 mg/1 mg/1 
as N as N as N Tonnes/yr 
10 
8 
0.1 
1.5 
3 
2 
2 
0.1 
0.3 
0.5 
6 
15 
18 
14 
15 
18 
34 
25 
13 
20 
0.25 
0.3 
0.25 
0.3 
0.3 
0.25 
0.25 
0.1 
0.4 
0.5 
3. 
1. 
1. 
33. 
3. 
0. 
1. 
0. 
0. 
0. 
47. 
.789 
,533 
,971 
,215 
,558 
,953 
,314 
,593 
,142 
,255 
324 
Table 6a. Effluent values from Dorchester sewage works. 
Table 7. Summary of nitrogen entering R. Frome catchment from sewage 
effluents. 
Month 
April 83 
May 
June 
July 
August 
September 
October 
November 
December 
Jan. 1984 
February 
March 
Mean Flow 
Total 
tonnes/yr 
Mean 
Flow 
m3/d 
7835 
431 
6567 
5910 
6707 
7208 
-
7490 
8772 
10327 
10726 
8489 
8042 
TON 
17 
16 
13 
13 
12 
11 
13 
16 
14 
15 
13 
18 
Monthly 
NH3 
1.2 
1.9 
1.2 
1.5 
1.3 
1.2 
0.1 
0.8 
1.4 
1.9 
0.9 
1.7 
means 
mg/1 
0.28 
0.29 
0.25 
0.24 
0.22 
0.30 
0.15 
0.44 
0.31 
0.34 
0.30 
0.33 
No. of 
samples 
3 
3 
3 
2 
3 
4 
1 
1 
5 
3 
5 
7 
Tonnes/ 
month 
3.996 
4.182 
2.561 
2.382 
2.495 
2.379 
2.942 
3.595 
3.807 
4.802 
3.904 
4.737 
41.78 
m3 d-1 
t1
 a-1 
kg ha"1 
Total N load at East Stoke 
% of to ta l N load due to 
sewage effluent 
1969 
5482 
33.7 
0.81 
493.5 
6.8 
1972 
6208 
37.0 
0.89 
596 
6.2 
1984 
(A) 
9935 
47.3 
1.14 
834 
5.7 
(B) 
11477 
55.9 
1.35 
834 
6.7 
5.3 Nitrate concentration, discharge and ni trate loading data 
Table 8 gives the ni t rate concentration on each sampling date for 
all 14 sites sampled in 1970-71. 
Tables 9 and 10 show the weekly discharge values and ni t ra te 
loads in 1970-71 for the 12 sites where discharge was measured or 
available from Wessex WA, as described in sections 4.1 and 4.2. The 
number of samples taken at each si te, the mean, standard error, 
minimum and maximum values are given for each site at the bottom of 
each table. 
During 1984-86 sites 1, 3, 4, 5, 6, 7, 9 and 10 were re-sampled. 
Site 2 in 1970-71 (Wraxall Brook) was replaced by sampling Wraxall 
Brook and the R. Frome below their confluence at Maiden Newton. In 
addition, because of the high ni trate concentrations found in the 
Tadnoll Brook at Broomhill Bridge (site 9) during 1984, a second site 
on the Tadnoll Brook at Empool (site 8) was also sampled from April 
1985 onwards. 
Tables 11a and l1b show the ni t rate concentrations on each 
sampling date for all 10 sites sampled during 1984-86. Nitrate 
concentrations of over 7 mg/1 were found on several occasions in the 
Tadnoll Brook. 
Tables 12a and 12b show the weekly discharge values for sites 3, 
4, 5, 9 and 10 where data were collected or available, and Tables 13a 
and 13b give the weekly ni t ra te loads for these s i tes . Again the 
number of samples taken, the mean, standard error, minimum and 
maximum value for each set of results are given for each site at the 
end of Tables 12b and 13b. 
Table 8. Nitrate concentrations for all sites in 1970-71 
Table 9. Discharge values for each site in 1970-71 
Table 10. Weekly nitrate loads (tonnes/week) for each site in 1970-71 
Table 11 A. Nitrate concentrations for all sites in 1984-85 
Table 11 B. Nitrate concentrations for all sites in 1985-86 
Table 12 a. Discharge values for sites during 1984-85 
Table 12 B. Discharge values for sites during 1985-86 
Table 13 A. Nitrate loads in tonnes per week during 1984-85 
Table 13 B. Nitrate loads in tonnes per week during 1985-86 
5.4 Changes in n i t ra te concentration and ni t ra te loadings between 1970-71 
and 1984-86 
Figures 5-9 give graphical comparisons of the ni t rate 
concentrations for 1970-71 (in red) and 1984-86 (in black) for 10 
si tes. The 1970-71 data is superimposed on the 1984-86 data with the 
months aligned so as to give the most meaningful visual comparison. 
Note that sites 2 and 8 are slightly different but roughly comparable 
sampling points for the two periods. At every si te, the ni trate 
concentrations are clearly seen to have increased. The seasonal 
pat tern at each site appears to be unchanged. 
For completeness, Figs 10 and 11 show the 1970-71 ni trate 
concentrations for the River Frome at Sandhills and Southover, the 
River Hooke gauging weir and Winfrith stream which were not 
re-sampled during 1984-86. 
Changes in ni trate loadings could only be obtained for five sites 
because of the restr icted sampling for discharge in 1984-86, but these 
sites give us a picture of the pat tern of changes down the catchment. 
The two major sampling sites were at Dorchester gauging weir and at 
East Stoke gauging weir 20 km downstream. The ni t ra te loads passing 
these two sites in 1970-71 (in red) and 1984-86 (in black) are shown 
in Fig. 12. At both sites the loads are seen to have increased 
throughout the seasonal cycle. Loadings were, and still are, higher 
during the November-May period, peaking in January or February. The 
increase and seasonal pat tern of the loadings was similar at the other 
lower-load s i tes . 
Table 14 summarises the ni trate concentrations for the eight sites 
sampled in both periods, together with the ni t ra te loads for the five 
of these sites for which discharges and hence loads were available for 
both periods. It gives the percentage increase or decrease in mean 
value at each site between the two sampling periods. The increases 
Figure 5 : Changes in river Nitrate Concentraction (N03-N mg/l) between 1970-71 ond 1984-86 
of sites in the River Frome Catchment. 
Figure 6 : Changes in river Nitrate Concentration (N03-N mg/1 ) between 1970-71 and 1984-86 
at sites in the River Frome Catchment. 
Figure 7 : Changes in river Nitrate Concentration (N03-N mg/l) between 1970-71 and 1984-86 
at sites in the River Frome Catchment. 
Figure 8 : Changes in river Nitrate Concentration (N03-N mg/l) between 1970-71 and 1984-86 
at sites in the River Frome Catchment. 
Figure 9 : Changes in river Nitrate Concentration on (N03-N mg/l) between 1970-71 and 1984-86 
at sites in the River Frome Catchment. 
Figure 10. Nitrate concentrations in 1970-71 for sites not re-sampled in 1984-36 
Figure 11. Nitrate concentrations in 1970-71 for sites not re-sampled in 1984-86 
Figure 12 : Changes in river Nitrate Concentration (N03-N mg/l) between 1970-71 and 1984-86 
at sites in the River Frome Catchment. 
Table 14. Overal l changes in n i t ra te concentration (mg/1) and load (tonnes/week). 
Si t e s 
D a t e s 
NO3N c o n c e n t r a t i o n 
Mean ' 
Minimum 
Maximum 
Tonnes /week 
Mean 
Minimum 
Maximum 
Si tes 
D a t e s 
NO3N c o n c e n t r a t i o n 
Mean 
Minimum 
Maximum 
Tonnes /week 
Mean 
Minimum 
Maximum 
(1) R . H o o k e 
1.36 
0.84 
2.26 
0.528 
0.179 
2.776 
3.03 
0 .93 
5.32 
-
-
-
(6) R . F r o m e 
(Woodsford) 
3.02 
2.14 
4 .04 
-
-
-
4 .39 
2.52 
6.76 
-
-
-
% 
Increase 
+23 
+11 
+35 
-
-
-
% 
Inc rease 
+45 
+18 
+67 
-
-
-
(3) Sydl ing Wate r % 
2.13 
1.30 
4.49 
0.432 
0.135 
3.623 
3.36 
2.19 
7.02 
0.925 
0.278 
3.360 
(7) R .Frome 
(Moreton) 
3.14 
2.24 
4.40 
-
-
— 
4.31 
2.67 
6.07 
-
-
— 
+58 
+68 
+56 
+114 
+106 
-7 
% 
Inc rea se 
+37 
+19 
+38 
-
-
-
(4) R . C e r n e 
2.71 
1.81 
4.20 
0.748 
0.109 
4.943 
3.65 
1.73 
5.81 
0.690 
0.124 
4.717 
% 
Inc rea se 
+35 
-40 
+38 
-8 
+14 
-5 
(9) T a d n o l l Brook 
(Broomhil l Bridge) % 
3.67 
2.77 
4 .84 
1.381 
0.434 
3.659 
4.82 
2.75 
9.56 
1.635 
0.718 
4.337 
+31 
-1 
+98 
+18 
+65 
+19 
(5) R .F rome (DGW) % 
2.32 
1.54 
4.46 
3.645 
0.903 
13.346 
(10) R. 
1970-71 
2.79 
1.94 
3.92 
10.094 
3.107 
34.094 
3.59 
1.59 
5.33 
6.359 
1.312 
25.298 
Frome 
1984-86 
4.10 
2.50 
6.40 
15.762 
4.443 
54.253 
+55 
+3 
+20 
+74 
+45 
+90 
% 
Inc rea se 
+47 
+29 
+63 
+56 
+43 
+59 
from 1970-71 to 1984-86 in mean nitrate concentrations vary between 
31% and 123%. The increase in maximum recorded nitrate 
concentration varied between +20% and +135%. In both cases the 
largest increases were found in the River Hooke (site 1), which in 
1970-71 had the lowest nitrate concentration in the River Frome 
catchment (Table 8). Information available from MAFF on this 
catchment showed a 22% increase in improved grassland and a large 
increase in sheep production. 
In 1984-86 Tadnoll Brook had the highest individual recorded 
nitrate concentration of 9.56 mg/1 NO3N. Further investigation on 
this tributary showed that a small side stream draining agricultural 
land showed large fluctuations in nitrate concentrations ranging from 
less than 1 mg/1 NO3N to 12.9 mg/1 NO3N. 
5.5 Relationship between nitrate concentration and discharge 
In general, at any one sampling site, the concentration of a 
solute or suspended material is often found to be higher during 
periods of higher rainfall and hence discharges. This occurs as the 
rain washes in more material off and through the land. Figures 13 and 
14 give plots and correlation coefficients of nitrate concentration 
against discharge for the 1970-71 sites where discharge data were 
available. In these and all subsequent plots and correlations of 
nitrate concentration or load with discharge, a logarithmic scale was 
used for both axes. The figures show that the relationships are all 
roughly linear on a log-log scale, as is commonly assumed and found 
for these 'rating-curve' type relationships (Walling, 1977). The 
discharge values used for these relationships were either the spot 
values at the time of nitrate sampling or where available, the Wessex 
WA mean value for the day of sampling. The correlation coefficients 
vary between 0.32 at Tadnoll Brook (Owermoigne) and 0.87 for the 
River Cerne. 
Figure 15 gives similar plots for the 1984-86 data. Comparing the 
correlation coefficients for the same sites over the two time periods 
shows that while Sydling Water (1970-71 r = 0.61 and 1984-86 r = 0.70) 
and River Frome (East Stoke) (1970-71 r = 0.63 and 1984-86 r = 0.67) 
have not changed, the River Cerne (1970-71 r = 0.86 and 1984 r = 
0.66), Tadnoll Brook (Broomhill Bridge) (1970-71 r = 0.64 and 1984-86 
r = 0.35) and the River Frome (Dorchester gauging weir) (1970-71 
r = 0.69 and 1984-86 r = 0.47) all show large reductions in their 
correlation oefficients. This reduction could suggest that there have 
been changes in farming practices resulting in relatively lower ni t rate 
runoff during the high autumn and winter flow periods. Perhaps less 
fertiliser is now applied during these periods of higher runoff of 
rainfall. The ni t rate concentrations now also tend to be more 
variable, with possibly less influence being due to groundwater. 
Figures 16 and 17 show plots of ni t ra te loads against discharge in 
1970-71 and their correlation coefficients. In every case the 
correlation coefficient is very high as one might expect with the 
values varying between 0.93 to 0.99. 
Figure 18 shows plots of the ni t rate loads against discharge for 
1984-86 and their correlation coefficients. In this case the Tadnoll 
Brook correlation is now only 0.85. 
.6 Seasonal variations in ni t rate concentrations, discharges and ni t ra te 
loads 
Seasonal variations during 1970-71 for ni t ra te concentrations, 
discharge and ni t rate loads are summarised in Tables 15-17. It is 
important to notice that , for the October to December period, both 
ni t ra te concentrations (Table 15) and discharge (Table 16) are higher 
in 1970 than for the same period in 1971, at all the si tes. In 1970 the 
annual rainfall total (at East Stoke) was 868 mm, of which 273 mm 
fell in the period from October to December with 207 mm falling in 
Figure 14. Plots of nitrate concentration against discharge for 1970-71 
together with their correlation coefficient r. 
Figure 15. Plots of nitrate concentration against discharge and their 
correlation coefficient r for each available site during 1984-86. 
Figure 16. Plots of nitrate loads against discharge in 1970-71 and their 
correlation coefficient. 
Figure 17. Plots of nitrate loads against discharge in 1970-71 and their 
correlation coefficient 
Figure 18. Plot of nitrate load against discharge together with their correlation 
coefficient r for each available site in 1984-86. 
November alone. In contrast, in 1971 the total annual rainfall was 
only 612 mm with 151 mm falling in the October to December period 
and only 71 mm falling in November, which is only 34% of the 
previous November's rainfall. 
It is obvious that when looking at seasonal patterns the 
between-year differences in rainfall and discharge must be carefully 
examined. 
The seasonal pattern of nitrate loads also varies from year to 
year. Using the River Frome at East Stoke (site 10) as an example, 
Table 17 emphasises the large year to year differences found for the 
same season. In the period October to December 1970, the mean load 
at site 10 was 13.21 tonnes per week and the maximum load was 20.08 
tonnes per week. In the same three monthly period in 1971 the 
corresponding values were 4.75 tonnes per week and 6.84 tonnes per 
week. 
These results emphasise the necessity of having a long time 
series of observations extending over 10 or more years before you can 
confidently detect any slow long-term changes in water parameters. In 
this study, we are fortunate in having two fairly intensive sampling 
periods 14 years apart. 
Although there are two data sets for the period October to 
December in the 1970-71 data, because of the large differences in 
both nitrate concentrations and discharge between the years, caution 
should be exercised in making detailed comparisons with the equivalent 
seasonal values obtained in 1984-86. 
Tables 18-20 show the seasonal variations in nitrate 
concentration, discharge and nitrate loads respectively during 
1984-86. In almost every site the highest quarterly mean nitrate 
concentrations and the maximum nitrate concentrations occur in the 
January to March period. (The only exceptions were sites 2 and 9 in 
Table 15. Seasonal statistics of nitrate concentrations (mg/1) in 1370-71 
•5Table 16. Seasonal statistics of discharges (m3/s) in 1970-71 
Table 17. Seasonal statistics of nitrate loads (tonnes N03N/week) in 1970-71 
Table 18. Seasonal statistics of nitrate concentrations (mg/1) in 1984-86 
Table 19. Seasonal statistics of discharges (m3/s) in 1984-36 
Table 20. Seasonal statistics of nitrate loads (tonnes NO3N/week) 
in 1984-86 
1984, when the maximum ni t rate concentrations were higher in the 
October to December period than in the January to March period in 
1985.) 
As the mean and maximum discharge values are also highest for 
the January to March period in all years (Table 19), the ni trate loads 
are also highest during these months (Table 20). 
Again if we look at si te 10 East Stoke, the largest site and 
furthest downstream in the Frome catchment, the October to 
December loads in 1984 and 1985 are more similar than for the two 
autumn quarters in 1970 and 1971. The mean value for 1984 was 13.89 
tonnes per week with a maximum value of 28.76 tonnes per week, 
while in 1985 the corresponding values were 10.43 tonnes per week and 
24.74 tonnes per week (Table 20). The January to March periods were 
also similar in average throughput in 1985 and 1986 at all five s i tes . 
5.7 Changes in total ni t rate loadings between 1970-71 and 1984-86 
Table 21 shows the quarterly total n i t ra te loads in tonnes for all 
available sites in 1970-71. (Note: occasionally, where one or more 
week's loads were not available in a quarter, the observed total load 
has been multiplied up to estimate the total load for the thirteen 
week period.) The catchment can be conveniently divided into two 
main areas , that above Dorchester gauging weir (area = 205.9 sq km) 
and the complete catchment (area = 414.4 sq km). 
Table 21 shows that the annual ni trate load at Dorchester (site 5) 
was 155 tonnes in 1971 and the annual load at East Stoke (site 10) 
was 477 tonnes. At both si tes, and throughout the catchment, just 
over half the 1971 annual load was in the winter quarter 
January-March. In 1971, the increase in ni t rate inputs to the River 
Frome between Dorchester and East Stoke was therefore 322 tonnes 
NO3N. 
Table 22 shows the equivalent ni t ra te loads for sites 3, 4, 5, 9 
and 10 for 1984-86. In 1985 the annual ni t ra te load at Dorchester had 
increased to 343 tonnes (a 121% increase since 1971) and the annual 
load at East Stoke had increased to 864 tonnes (an increase of 81% 
since 1971). At both si tes, just under half the annual load passed 
through during the winter quarter, similar to 1971. 
The mean annual discharge at Dorchester gauging weir in 1971 
was 2.03 m3 s-1 and in 1985 was 2.81 m3 s-1 (an increase of 
38%). Equivalent values at East Stoke were 5.25 m3 s-1 in 1971 and 
6.10 m3 s-1 in 1985 (an increase of only 16%). 
Tables 21 and 22 together show the extremely large increases in 
ni t ra te loading that have occurred over the whole of the River Frome 
catchment since 1971. 
Figure 19 summarises the three monthly mean data for the River 
Frome at East Stoke (site 10) for ni t ra te concentration, discharge, 
n i t ra te load and rainfall for both 1970-71 and 1984-86 and i l lustrates 
the large seasonal variations found. Again, it demonstrates the large 
difference in ni t rate loadings between the 1970-71 and 1984-86 
resul ts . 
Because of the large seasonal and annual variations of climatic 
conditions, discharges and therefore ni t rate loads, Table 23 has been 
prepared from the FBA long-term sampling data using the four-year 
periods 1969-1972 and 1982-1985 when the average discharge at R. 
Frome (East Stoke) was very similar (6.32 m3 s-1 for the 1969-72 
period and 6.40 m3 s-1 for 1982-85). The mean weekly ni t rate load 
for these periods shows an increase of 47.4% from 11.68 tonnes/week 
in 1969-72 to 17.22 tonnes/week in 1982-85. The maximum load in any 
one week in 1969-72 was 38.55 tonnes/week but in 1982 and 1984 there 
were weekly loads of over 57 tonnes, an increase of nearly 50%. The 
mean kg/ha/annum loading has increased from 14.6 to 21.6, a 48.1% 
increase. 
Figure 19. Comparisons of 3 monthly means of nitrate concentration and 
load, discharge and rainfall between 1970-71 and 1984-86 
Table 21. Quarterly and annual nitrate loadings (tonnes NO3N) in 1970-71. 
Site 
1970 Oct-Dec Total 
1971 Jan-Mar Total 
1971 Apr-Jun Total 
1971 Jul-Sep Total 
1971 Oct-Dec Total 
1971 Annual load 
(tonnes) 
(1) 
7.415 
14.481 
4.940 
3.303 
3.886 
27 
(2) 
7.733 
8.185 
2.634 
1.554 
3.733 
16 
(3) 
6.154 
11.951 
4.425 
2.466 
2.530 
21 
(4) 
10.541 
25.056 
6.885 
2.788 
1.784 
37 
(8) 
19.274 
26.337 
16.125 
10.158 
10.622 
63 
0) 
23.191 
33.392 
16.103 
8.104 
9.394 
67 
(11) 
3.356 
4.184 
2.123 
1.719 
1.572 
9 
(12) 
27.809 
43.016 
15.662 
8.582 
13.291 
80 
(13) 
2.272 
5.381 
2.241 
1.273 
1.222 
10 
(14) 
3.393 
3.026 
0.545 
0.213 
0.362 
4 
Dorchester 
(5) 
85.183 
88.313 
31.040 
15.562 
19.946 
155 
East 
Stoke 
(10) 
171.712 
251.510 
113.193 
51.273 
61.756 
477 
Increase 
between 
Dorchester 
and East 
Stoke 
87 
163 
82 
36 
42 
322 
1984 
Site 
Apr-Jun Total 
1984 Jul-Sep Total 
1984 
1985 
1985 
1985 
1985 
1985 
1986 
1986 
1986 
Oct-Dec Total 
Jan-Mar Total 
Apr-Jun Total 
Jul-Sep Total 
Oct-Dec Total 
Annual load 
Jan-Mar Total 
Apr-Jun Total 
Jul-Sep Total 
(3) 
8.773 
4.248 
10.425 
20.986 
13.151 
7.679 
9.096 
51 
24.711 
12.114 
7.883 
(4) 
5.477 
2.058 
9.843 
19.581 
12.852 
5.019 
5.420 
43 
20.291 
5.823 
2.539 
(9) 
18.898 
13.628 
17.565 
0.000 
0.000 
0.000 
0.000 
35.868 
22.662 
13.583 
Dorchester 
(5) 
45.016 
22.985 
73.684 
163.726 
84.844 
38.843 
55.300 
343 
193.100 
97.808 
44.419 
East 
Stoke 
(10) 
145.038 
68.515 
180.534 
426.995 
207.270 
94.520 
135.534 
864 
446.581 
225.153 
107.067 
Increase 
in load 
between 
Dorchester 
and East 
Stoke 
100 
46 
107 
263 
122 
56 
80 
521 
253 
127 
63 
Table 22. Quarter ly and annual ni trate loadings (tonnes NO3N) in 1984-86. 
Table 23. Nitrate loads mean value in tonnes/week for R. Frome 
(East Stoke site 10) 1969-72 and 1982-85. 
Year 
1969 
1970 
1971 
1972 
Mean 
discharge 
m3 s-1 
6.59 
6.64 
5.29 
6.78 
Average 6.32 
1982 
1983 
1984 
1985 
7.49 
6.13 
5.82 
6.17 
Average 6.40 
Mean 
tonnes/week 
11.39 
12.36 
9.83 
13.13 
11.68 
19.59 
15.77 
16.64 
16.88 
17.22 
S.E. 
1.06 
1.21 
1.03 
1.23 
1.89 
1.27 
1.85 
1.59 
Minimum 
tonnes/week 
3.35 
3.69 
3.29 
3.78 
3.53 
4.19 
4.36 
3.27 
5.35 
4.29 
Maximum 
tonnes/week 
31.02 
38.55 
34.83 
35.72 
35.03 
57.03 
39.82 
57.26 
47.08 
50.30 
Mean 
kg/ha/annum 
14.3 
15.5 
12.3 
16.5 
14.6 
24.6 
19.8 
20.9 
21.2 
21.6 
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